An estimated 10 million Americans age 50 and older have osteoporosis, and many experience associated fractures. Although several interventions have been shown to be effective in preventing osteoporosis, their impact on bone health among older adults was limited. The aim of this study was, therefore, to examine the effects of a theory-based online bone health program (Bone Power program) for a large number of older adults. The 8-week program included learning modules, discussion boards, and other resources. Participants (N = 866; M age = 62.5 years) were recruited online and randomized into a Bone Power or control group. At the end of the intervention, the Bone Power group showed significantly greater improvement over the control group in osteoporosis knowledge, selfefficacy/outcome expectations for calcium intake and exercise, and calcium intake and exercise behaviors. This study's findings suggest that online health programs can be effective in improving older adults' knowledge, beliefs, and health behaviors.
Introduction
Low bone density and its associated fractures are a serious health problem among older adults (Rosen, 2014; MacLean et al., 2008; National Osteoporosis Foundation [NOF], 2014a; NOF, n.d.-c) . In 2014, 10 million Americans age 50 and older had osteoporosis (8 million women and 2 million men), and 34 million had low bone mass (NOF, 2014a, b) . If the current prevalence continues, by 2020, 64.4 million older adults will have osteoporosis or low bone mass. In addition, 2 million Americans experience osteoporotic fractures annually and osteoporosis is a main culprit for 0.3 million hip fractures, with debilitating consequences for older adults (NOF, 2014b) .
Bone health research over the past few decades has led to several efficacious interventions that can maintain and improve bone density, including calcium and vitamin D intake, exercise, bone density screening tests, and bone active medications (Bass, Pracht, & Foulis, 2007; Kimber & Grimmer-Somers, 2008; NOF, 2013; NOF, n.d.-a,b,c) . National guidelines for those interventions have been developed based on sex, age, and health conditions (see Table 1 for a summary of selected examples). Unfortunately, many older adults do not meet recommended guidelines for maintaining healthy bones (Bailey et al., 2010; Curtis et al., 2008; President's Council on Fitness, 2010) . National surveys have indicated that older adults take less than the recommended amount of calcium (Mangano, Walsh, Insogna, Kenny, & Kerstetter, 2011) and that only a small proportion (6%-16%) of individuals undertake bone-strengthening exercises (President's Council on Fitness, 2010) . In addition, only 8.4% to 30% (1999-2005) of adults at high risk for osteoporosis have received a bone density test (Curtis et al., 2008) . Several factors can influence these low adoption rates, including a lack of knowledge about the protective effects of calcium, vitamin D, and exercise on bone density (Campbell, 2012; Miller, Jarvis, & McBean, 2006; Webb, Joseph, Yardley, & Michie, 2010) . Care providers might not discuss the importance of bone density Women Men Calcium intake ≤50 years: 1,000 mg/day c ≤70 years: 1,000 mg/day c ≥51 years: 1,000 mg/day c ≥71 years: 1,200 mg/day c Vitamin D intake <50 years: 400-800 IU daily d ≥50 years: 800-1,000 IU daily d Physical activity guidelines for Americans e Guidelines for adults 50-64 For substantial health benefits At least 150 min a week of moderate intensity, or 75 min a week of vigorous-intensity aerobic physical activity, or An equivalent combination of moderate-and vigorous-intensity aerobic activity (aerobic activity: episodes of at least 10 min spreading throughout the week). For additional and more extensive health benefits Increase aerobic physical activity to 300 min a week of moderate intensity, or 150 min a week of vigorous-intensity aerobic physical activity, or An equivalent combination of moderate-and vigorous-intensity activity Include muscle-strengthening activities that are moderate or high intensity and involve all major muscle groups on 2 or more days a week Physical activity guidelines for Americans e Guidelines for adults 65 and older
The key guidelines for adults also apply to older adults. In addition, the following guidelines are specific to older adults: (continued) screening tests with older adults (Kleerekoper, 2013) . Thus, disseminating information about interventions to optimize bone health is needed to achieve better bone health nationally. Simply having knowledge is insufficient to motivate individuals to change behaviors. Thus, in our study, "dissemination" emphasizes strategic mechanisms that package and deliver health interventions to specific target populations to make positive changes in their health behaviors (Brownson, Colditz, & Proctor, 2012) . A growing body of knowledge suggests the effectiveness of behavioral change theory-based interventions in health-promotion studies (American College of Sports Medicine, 2004; Bandura, 1998; Webb et al., 2010) . The aim of this study, therefore, was to test the effects of an online theory-based bone health program (Bone Power) on health-related outcomes of older adults. It was hypothesized that at the end of the 8-week intervention period, the Bone Power group would show significantly greater improvement than the control group in knowledge of calcium intake and exercise, selfefficacy, and outcome expectations for calcium intake and exercise, and health behaviors of calcium intake, and amount of exercise.
Research on Online Health Interventions in Older Adults
In the current digital era, the Internet has become an effective vehicle for dissemination efforts (World Health Organization [WHO], 2012). In 2014, 89% of American adults were Internet users (Pew Internet, 2014) . Although older Physical activity guidelines for Americans e When older adults cannot do 150 min of moderate-intensity aerobic activity a week because of chronic conditions, be as physically active as their abilities and conditions allow. Do exercises that maintain or improve balance if at risk of falling. Determine the level of effort for physical activity relative to the level of fitness. Know whether and how chronic conditions affect the ability to do regular physical activity safely. adults are late adopters, their rates of Internet use has grown rapidly, reaching 79% of adults aged 55 to 65 and 57% of adults aged 65+ (Aron Smith, 2014) . The majority (72%) of Internet users look for health information online (Fox & Duggan, 2013) , and the Internet has also been used to deliver health interventions. Prior findings have shown that those interventions have a positive impact on health promotion (Desroches et al., 2013; Murphy et al., 2013; Schweier et al., 2014) and management of health conditions (Murphy et al., 2013; Ramadas, Quek, Chan, & Oldenburg, 2011; Schweier et al., 2014) . Upon a review of 85 published articles, Webb et al. (2010) reported significant effects of online interventions on health behavior change and the importance of using theory-based interventions.
Although fewer online studies have focused on older adults than on other age groups, there is growing evidence that using online approaches to reach out to older adults can be effective in promoting healthy behaviors in this population. Irvine and his colleagues conducted a randomized controlled trial (RCT) that assessed the impact of an online physical activity program on sedentary older adults (n = 368; M age = 60.3). The program included 11 consecutive weekly sessions, and the intervention group participants significantly improved physical activity levels compared with the control group (Irvine, Gelatt, Seeley, Macfarlane, & Gau, 2013) . In another study (n = 245; M age = 69.3), researchers tested the effects of a 2-week self-efficacy-based online hip fracture prevention program comprised of learning modules and discussion boards. Upon completion of the intervention, participants showed improvement on most selected health outcomes associated with calcium intake and exercise (Nahm et al., 2010) . Other investigators also assessed the impact of a social cognitive theory (SCT)-based online health-promotion program among older workers (n = 278; age = 50-59, 69%; Cook, Hersch, Schlossberg, & Leaf, 2015) . The program was a media-rich (e.g., videos and pictures) website that included learning content on major health topics, including healthy aging, diet, and physical activity. Findings showed that the intervention group participants performed significantly better than the control group on diet behavioral self-efficacy, healthy eating planning, and exercise at a 3-month follow-up.
Despite the increasing use of online health interventions among older adults, there is a lack of evidence that shows the impact of online health interventions on improving bone health in this population. Thus, in an effort to fill the gap, we developed a theory-based online Bone Power program specifically designed for older adults to improve their bone health knowledge, belief, and behaviors.
Theoretical Framework
The study was guided by SCT that emphasizes the importance of social and cognitive processes in changing people's behaviors (Bandura, 1997a (Bandura, , 1997b (Bandura, , 1998 (Table 2) . Based on SCT, motivation is a key factor for behavior change, and setting goals is the first step. In addition, individuals' beliefs about their ability to perform (self-efficacy) and the consequences of (outcome expectations) planned behaviors are vital to the process. Specifically, four mechanisms can enhance a person's efficacy expectations: (a) successful performance of the behavior (mastery experience), (b) social (verbal) persuasion, (c) modeling others' successful performances (vicarious experiences), Table 2 . Application of SCT in the Trial.
SCT component Application
Goal setting Discuss the importance of goal setting; encourage participants to set health goals and provide a mechanism for follow-up (e.g., use of the Goal Attainment Scale [Kloseck, 2007] ).
Motivation
Use a motivational tone throughout all intervention components (e.g., video clips of peers' successful performance, moderators' encouraging comments, peers' success stories in newsletters).
Outcome expectations
Explain and emphasize the expected outcomes of health behaviors. Self-efficacy Mastery experience Promote mastery experiences via interactive quizzes (for web learning), discussion forums (e.g., participants were reminded to think about what they have had accomplished and asked to explain those experiences), and tracking health goal progress.
Vicarious experiences
Demonstrate social modeling via video clips or animated pictures in learning modules and via discussion boards (e.g., participants, who overcome barriers for their healthy behaviors, can share their stories and inspire others to start healthy behaviors).
Social (verbal) persuasion
Provide encouragement via audio/video clips and discussion boards (e.g., "wow, you are doing great!"). Physiological and emotional states Provide information and facilitate discussions about the affective benefits of health behaviors and methods that relieve the unpleasant sensations associated with behavior change (e.g., potential fatigue or pain related to exercise).
Note. SCT = social cognitive theory.
and (d) relief of physiological and emotional distress (Bandura, 1997a (Bandura, , 1997b (Bandura, , 1998 . Application of SCT to the Bone Power program was achieved by using learning modules and a discussion board (Nahm et al., 2015) . The learning modules provided information about evidence-based interventions for bone health, such as calcium and vitamin D intake, exercise, and bone density screening tests. They explained the expected outcomes from those behaviors. Discussion forums focused on health behaviors accompanied the learning modules and were moderated by a nurse. To facilitate mastery experiences, in the modules, participants were encouraged to set goals for their bone health (e.g., exercise, calcium take) and keep track of them. On the accompanying discussion forum, they were asked specific follow-up questions about their health behaviors (e.g., "Let's discuss exercise. Please think about how you kept up with your exercise schedule and explain it to us."). For vicarious experiences or role modeling, the modules included video clips of people or animated pictures that demonstrated competent behaviors. Discussion forums encouraged participants to share success stories and serve as role models for others. Verbal persuasion was provided by using encouraging words on discussion boards, modules, and video clips. To minimize physiological and emotional stress, the modules and the discussion forum comments included specific techniques to decrease unpleasant sensations associated with behaviors (e.g., possible pain associated with exercise).
Method

Design and Participants
The Bone Power study was a two-arm parallel-group RCT comparing the Bone Power group with the no-intervention control group. This was Phase I of a large online longitudinal trial comparing the impact of the two different online bone health interventions. (In Phase II, the intervention group split into Bone Power and Bone Power Plus [with additional 10-month booster intervention] groups.) The study was approved by the institutional review boards at the University of Maryland, Baltimore and the U.S. Department of Veterans Affairs.
Individuals were eligible if they were aged 50 or older, had access to the Internet/email, could use the Internet/email independently, were able to read and write English, and resided in a community setting the United States. Individuals were excluded if they were participating in any study on falls, osteoporosis, or nutrition. Participants were recruited from two online communities, SeniorNet (seniornet.org), and My HealtheVet (MHV) (myhealth. va.gov; 11/30/2010-7/9/2011). SeniorNet is a leading older adult online community with a large nationwide membership. It provides adults with health education and computer training. MHV is a national health web portal for veterans. The two sites serve a large number of older adults, and our investigators had collaborated with them previously.
A brief description of this study and a hyperlink to the study website were posted on SeniorNet and MHV. The study was also advertised via monthly eNewsletters. Individuals who were interested in the study completed the interactive eligibility criteria form on the study website. Only those who met all inclusion criteria could proceed to the online consent form. At the end of the consent process, the participant filled out the contact information form and the project manager contacted the person within 72 hr via phone to provide more detailed information about the study. The telephone follow-ups also served as a mechanism to validate the demographic information and the cognitive status (e.g., ability to understand the study procedures) of the participant. Upon the follow-up phone call, the participant was placed on a waiting list until approximately 60 participants (a team) were recruited. Once a team was filled, participants completed the baseline survey (1 week) and the participants' study IDs were provided to the statistician, who performed randomization using a statistical program (SAS Institute Inc., n.d.). Participants were assigned to blocks of two within two recruitment sites, and the members of each block were randomly assigned to one of the three study conditions (Bone Power, Bone Power Plus, or Control). In Phase I, both intervention groups received the 8-week Bone Power program; thus, they were combined into an intervention group.
Bone Power Program
The Bone Power program consisted of learning modules, moderated discussion boards, and additional resources, such as virtual and video lecture libraries, an Ask-the-Experts section, and a health toolkit. A total of 11 learning modules were grouped into the following three categories (Table 3) : bone health core modules (Modules 1-5), condition-specific bone health modules (Modules 6-8), and general health behavior modules (Modules 9-11). The third category was included because it can directly impact bone health. Each module contained specific learning objectives, structured learning content along with external links to other websites for further information, and selfassessment quizzes. The program had eight asynchronous discussion forums that accompanied learning modules for the week. The virtual libraries included additional relevant articles, health websites recommended by experts, and video lectures on specific topics. The toolkit contained various Figure 1 ). Web pages were developed to be older adult-friendly following the National Institute on Aging web design guidelines (National Institute on Aging, 2009). The Blackboard (BB) program (Blackboard Inc., 2013) was used as an upper layer of the web architecture to help manage the 48 study groups. The original BB web pages were modified to simulate regular web pages. The Bone Power program had a short instructional video about how to use the program, and a help desk was available via phone and email.
Procedures
A new learning module(s) and an accompanying discussion forum were opened on the Bone Power website weekly for 8 weeks. Participants were to visit the Bone Power website at least weekly for about 15 to 20 min to review the new learning module(s) and share their experiences and thoughts in the moderated discussion boards. The nurse project manager moderated the discussions based on SCT, offering encouraging comments to participants and inviting others' comments. She also monitored discussion postings daily to identify any untoward postings. Participants could further explore health information by using the Virtual Libraries or the Ask-the-Experts sections as needed.
No specific intervention was provided to the control group. All participants completed an online follow-up survey at the end of 8 weeks. To maintain contact with participants, an email with information about upcoming follow-up surveys was sent to them monthly. In appreciation of participants' time, an incentive of US $20 (check) was mailed to them upon completion of the 8-week survey.
Measures
The following demographics and descriptive data were collected at baseline: age, sex, education, health conditions (e.g., osteoporosis, chronic and acute illnesses, prior falls, fractures), and Internet experience. The participants' eHealth literacy was also assessed using the eHealth Literacy Scale (eHEALS), an 8-item measure on a 10-point Likert-type scale (Norman & Skinner, 2006) .
Osteoporosis knowledge. Knowledge about osteoporosis was measured using the revised Osteoporosis Knowledge Test (Qi, Resnick, & Nahm, 2014) , which includes a total of 26 items focused on knowledge about exercise, calcium, and vitamin D intake. There was sufficient evidence for the internal consistency reliability (α = .81) in the presented study, and the validity of the measure had been supported using Rasch analysis (Qi et al., 2014) .
Self-efficacy and outcome expectations. Calcium intake self-efficacy was assessed using the 11-item Self-Efficacy subscale of the Osteoporosis Health Belief Scale (Kim, Horan, Gendler, & Patel, 1991) . Prior use of the measure supported its sensitivity to change (Nahm et al., 2010) and criterion-related validity (Wallace, 2002) . The calculated alpha in this study was .94. Exercise self-efficacy was assessed using the nine-item Self-Efficacy for Exercise scale on an 11-point scale (0 = "no confidence"; 10 = "very confident"; Resnick & Jenkins, 2000) . In this study, the calculated alpha coefficient was .93, and appropriate validity coefficients (≥.81) of the measure were also reported when used with older adults (Resnick & Jenkins, 2000) .
The six-item Calcium Benefit subscale (1 = "strongly disagree"; 5 = "strongly agree") of the Osteoporosis Health Belief Scale (Kim et al., 1991) was used to assess outcome expectations for calcium intake. Internal consistency (α = .82; Nahm et al., 2010) and criterion validity (Kim, Horan, Gendler, & Patel, 2003) of the measure have been reported. Outcome expectations associated with exercise were assessed using the Outcome Expectations for Exercise Scale (Resnick, Zimmerman, Orwig, Furstenberg, & Magaziner, 2001) . This nine-item measure focuses on the perceived consequences of exercise. The calculated alpha in this study was .93, and the validity of the measure was evidenced by the confirmatory factor analysis .
Calcium intake and exercise. Dietary calcium intake was estimated using a short screening tool developed by Blalock, Norton, Patel, Cabral, and Thomas (2003) . It includes 22 items that assess both frequency (9-point scale: "never" to "every day") and portions (3-point scale: "small," "medium," and "large") of various foods that contain calcium and vitamin D. The amount of dietary calcium and vitamin D intake was calculated using the Diet History Questionnaire database developed by the National Cancer Institute (2008). Evidence of concurrent validity of the measure was reported using estimates of calcium intakes derived from the 7-day food diary (Blalock et al., 2003) . The online version of the measure used in our prior study was sufficiently sensitive to detect changes over time (Nahm et al., 2010) .
Exercise behavior was assessed using a six-item exercise subscale that is part of the Yale Physical Activity Survey (Dipietro, Caspersen, Ostfeld, & Nadel, 1993) . Participants reported the type and amount of time they engaged in specific exercise activities, such as walking briskly or aerobics, and then a weekly energy expenditure (Kcal) and time (minutes) spent for exercise was estimated. The measure has been validated against several physiological variables (Dipietro et al., 1993) and was successfully used in our prior online study (Nahm et al., 2010) .
Fidelity Monitoring of the Intervention
Participants' use of the learning modules and discussion board (the main components of the program) was monitored weekly via the usage reports generated from BB. Monitoring was performed per module and per group because new modules and discussion forums were opened weekly and groups were on different study schedules. Usage of modules and discussion forums was based on the frequency of visits (captured by logins) to each component. The frequency of postings in the discussion forums was assessed separately, as posting responses could be considered a more "active" form of participation than simply reading responses. More frequent usage was expected for the core modules (Weeks 1-4) than for the condition-specific and general modules (Weeks 5-8), as some modules (e.g., Quit Smoking) might not have been applicable to all participants. In addition to the usage, perceived usability of the program was assessed via the Perceived Health Web Site Usability Questionnaire that includes 12 items on a 7-point Likert-type scale (Nahm, Resnick, & Mills, 2006) .
Data Analysis
Descriptive statistics were computed on each variable to assess normality and to ensure analysis model assumptions were met. Transformations were used for continuous outcome variables to correct skewness. We examined baseline differences between the intervention and control groups in demographic characteristics, health conditions, and baseline outcome scores using t tests for continuous variables and chi-square tests for categorical variables.
In the primary analysis, to compare the Bone Power group with the control group on outcomes, we used linear mixed models (LMMs). LMMs allow inclusion of all data, even if an individual drops out and is not assessed posttreatment, and therefore is an intent-to-treat analysis. Furthermore, outcome assessments were attempted even when an individual did not complete all modules. For each outcome, LMMs included a random intercept to account for baseline heterogeneity and correlation between the baseline and posttreatment outcome measurements. The fixed effects included a time indicator variable (post-treatment vs. baseline) and the group-by-time interaction term. The significance of the group-by-time interaction tests whether the change (baseline to 8 weeks) differs between Bone Power and control conditions. Because of randomization of participants to the groups, the model did not assume outcome differences at baseline between groups, and thus no main effect group indicator was included in the mean model (Fitzmaurice, Laird, & Ware, 2011) . We used empirical "sandwich" standard errors (SEs) due to their robustness properties. Within group effect sizes were calculated as the model-based difference of the outcome from baseline to 8 weeks, divided by baseline standard deviation. Between-group effect sizes were calculated as the model-based difference in change divided by the pooled standard deviation of the outcome at baseline (Feingold, 2009 ).
There was a difference in attrition rates from baseline to the 8-week assessment between the Bone Power and control groups (Bone Power = 23.7%; control = 6.8%). Thus, as a sensitivity analysis, we refit the mixedeffect models using model-based SEs. Under normality, using model-based SEs results in tests that are less likely to be biased to the extent that the "missingness" of outcomes is dependent on observed data (i.e., baseline outcome measurements; Feingold, 2009) . Statistical Analysis System (SAS) 9.4 was used for analysis (SAS Institute Inc., n.d.) .
Within the intervention group, we also assessed the potential effect of intervention usage on the changes in major outcomes ("dose-effects") using LMMs. The fixed effects included time, usage (frequencies of module and discussion use), and time-by-usage interaction. A random intercept was included to account for the correlation between repeated measures within each participant. The significance of the interaction term indicated the effects.
Power Calculation
Initially, a sample size of 768 (256 per group) was calculated based on detecting a small effect (Cohen's f = .08) in group-by-time interactions using a repeated-measures analysis of variance with sufficient power (≥.90, α = .5). During the trial, we experienced a dropout rate of approximately 20%, which was higher than we anticipated (10%) based on our prior studies (Nahm et al., 2010; Nahm et al., 2012) . Thus, the sample size was increased and a total of 866 participants were recruited.
Results
A total of 1,339 individuals who visited the study website completed the online eligibility form. Among those, 241 did not meet the criteria, 91 declined to participate, and 141 submitted the consent form but did not start the study (Figure 2, CONSORT diagram) . A total of 866 participants were randomized into either the control (n = 263) or intervention (Bone Power, n = 301; Bone Power Plus, n = 302) group. At the end of the intervention, 705 participants completed the 8-week follow-up survey. Twenty-nine participants dropped out of the study (i.e., expressed the wish to stop participating), and an additional 132 participants did not respond to the 8-week survey. The most frequent reasons for discontinuation were lack of time and illness. Participants who did not complete the survey (n = 161, 18.6%) had frailer health (e.g., more arthritis, depression) than those who completed the survey and were more likely to have seen a physician due to acute illness during the 3 months prior to the baseline survey. Table 4 summarizes participant characteristics. More than half (63.4%) of participants were male, with a mean age of 62.8 ± 8.5 years. The majority were White (n = 776, 89.6%), followed by Black (n = 64, 7.4%), and had some college or higher level of education (n = 755, 87.2%). Approximately one in four (n = 202, 23.3%) reported having osteoporosis, and 37.4% (n = 324) reported depression. The average years of web experience was 14.5 ± 6.6, and the mean amount of time spent using the web was 15 ± 13.8 hr per week. The average level of eHealth literacy was 30.9 ± 6.0 (scale range = 8-40). Participant characteristics were comparable between the intervention and control groups at baseline. Only one baseline variable (weekly web use hours) was significantly different between the groups, which could have occurred by chance variation considering the number of participant characteristics that were compared. A total of 705 participants completed the 8-week end-of-intervention survey. For the intervention group, the mean perceived usability of the program was 70.44 ± 12.7 (scale range = 12-84). Table 5 presents the results of primary LMM analyses, including group raw means and standard deviations at baseline and at the end of treatment. Overall, the Bone Power group had greater improvement than the control group in all outcomes. Results of the sensitivity analysis were similar to the main analysis. Participants in both the Bone Power and control groups improved their knowledge of osteoporosis at the end of the intervention. The Bone Power group, however, showed greater improvement than the control group, t(703) = 11.4, p < .001, effect size (ES) = .54. Both groups also increased their levels of self-efficacy and outcome expectations for calcium intake. Greater improvements by the Bone Power group were observed for both calcium intake selfefficacy, t(703) = 5.15, p < .001, ES = .33; and calcium outcome expectations, t(703) = 2.63, p = .009, ES = .20. Calcium intake also improved relative to the control group, t(703) = 3.69, p < .001, ES = .21. For exercise, the Bone Power group improved for both self-efficacy and outcome expectations after the intervention, whereas the control group declined. The differences in change between the two groups were significant, t(703) = 3.08, p = .002, ES = .18, for exercise self-efficacy; t(703) = 2.14, p = .032, ES = .14, for exercise outcome expectation. In regard to exercise behaviors, both groups increased the amount of and time spent on exercises, with greater improvement observed in the Bone Power group, t(700) = 2.18, p = .030, ES = .12, for exercise Kcals; t(703) = 2.03, p = .042, ES = .11, for exercise minutes.
Outcomes Measures
Fidelity Monitoring of the Intervention
All intervention group participants (100%) logged on to the Bone Power website. The majority (74.2%) of participants reviewed five or more modules. On average, 63% of participants in each group reviewed the new learning content weekly during the first 4 weeks (many participants logged on to modules multiple days during the week). A total of 73.6% of participants used the discussion board, reading, and/or posting responses. The mean number of visits to the discussion forums was 43.2 ± 77.1. More than half of participants (51.1%) actively participated in the discussions by posting more than 10 responses, 22.7% responded 1 to 10 times, and 26.2% posted no responses. The degree of module usage (frequency) had positive effects on changes in total knowledge scores, t(458) = 3.58, p < .001; self-efficacy for calcium intake, t(458) = 2.88, p = .004; and outcome expectation for calcium intake, t(458) = 3.0, p = .003. Discussion forum usage (reading and posting) also showed positive effects on changes in self-efficacy on calcium intake, t(457) = 2.25, p = .025, and outcome expectation on calcium intake, t(457) = 1.97, p = .049, but not on the knowledge score. Active participation in discussion (frequency of posting) showed a significant effect only on calcium intake self-efficacy, t(458) = 2.67, p = .008.
Discussion
The overall findings of this study suggest the effectiveness of the online Bone Power program in improving older adults' bone health-related outcomes. In regard to osteoporosis knowledge, both the intervention and control groups showed increased knowledge at the end of the intervention; however, the intervention group's improvement was significantly greater than that of the control group. The slight improvement in the control group may suggest a potential impact from the online survey and a motivation factor from being enrolled in a bone health study. In fact, considering that participants were online users, the online survey itself might have facilitated participants' own search of online health information.
For the outcomes associated bone health behaviors, participants who were exposed to the Bone Power program showed significantly greater improvement over the control group for self-efficacy and outcome expectations for both calcium intake and exercise. The group's calcium intake and amount of exercise also increased more than that of the control group. These findings are consistent with other studies that showed the effectiveness of theory-based online programs for older adults (Cook et al., 2015; Irvine et al., 2013) . In an RCT conducted by Cook and his colleague (2015) , an online SCT-based health-promotion program was effective in improving older adults' dietary behavioral change self-efficacy, healthy eating planning, and exercise. Irvine et al. (2013) also reported the positive impact of a theory-based online physical activity intervention on knowledge, attitudes, self-efficacy, and behavioral intentions of older adults. Our findings provide support for effectively using online programs to improve bone health among older adults.
Regarding the magnitude of intervention effects, overall, the Bone Power intervention showed a higher effect size for knowledge (.54) compared with other behavior-related health outcomes, such as self-efficacy, outcome expectations, calcium intake, and amount of exercise (.11-.30) . Several prior studies also reported similar findings (Lustria et al., 2013; van den Berg et al., 2007; Webb et al., 2010) . Based on recent meta-analysis reports (van den Berg et al., 2007; Webb et al., 2010) , online interventions were efficacious in changing health behaviors; however, their effect sizes were often small (<.2). Theory-based approaches, additional communication with participants, and just-in-time reminders have been shown to improve effects of online interventions (van den Berg et al., 2007; Webb et al., 2010) .
Within the intervention group, participants who used the modules or discussion forums more frequently showed greater improvement in self-efficacy, outcome expectations, and knowledge, which is consistent with other prior findings (Irvine et al., 2013) . These findings indicate the importance of including specific strategies to motivate participants to use the intervention in online trials. In our study, we sent out weekly emails informing participants of the availability of new learning content for the week. In addition, the use of SCT-based interventions, moderated discussion forums, and small-group approaches was also helpful in engaging participants. Based on SCT, a social learning averment is important because social modeling, motivation, and encouragement can occur in this setting (Bandura, 1998) . Prior studies have shown the effectiveness of the small-group approach in delivering theorybased health-promotion interventions (Carpenter, Finley, & Barlow, 2004; Cimprich et al., 2005; Nahm et al., 2011) . For example, in this study, participants in each group had the opportunity to interact with each other through the discussion board for a prolonged time period as they progressed in the trial. Using a well-prepared moderator for the discussion boards can also be helpful, as he or she can direct the group members' discussions toward the goals of the study and provide encouraging comments (Cudney & Weinert, 2000) . We have used moderated discussion boards successfully in our prior work (Nahm et al., 2011; Nahm, Resnick, Grezia, & Brothemarkle, 2009 ).
From the recruitment and retention perspective, we were able to recruit 866 participants online within a 7-month period. This suggests a high interest in and demand for bone health interventions in older adults, as well as a great potential for using online formats to deliver health interventions to this group. The total attrition rate at the end of the 8-week intervention was 18.6%. Dropout rates reported in other eHealth intervention trials vary, ranging from 0% to 83% (Donkin et al., 2011; Vandelanotte, Spathonis, Eakin, & Owen, 2007) , and high attrition rates have raised concerns in several studies. Only 24 participants in this study provided specific reasons for dropout (e.g., no time, health conditions). When the group of participants that dropped out was compared with the group that stayed in the study, the dropout group had frailer health (e.g., more arthritis, depression, visits to a physician due to acute illnesses). In contrast to other studies where computer competency influenced participation (Irvine et al., 2013) , in this study, there were no differences in computer competency or education level among those who did versus did not drop out. This could be because the participants were already online users.
There were more dropouts in the intervention group (23.7%) than in the control group (6.8%) in our study. Higher dropout rates in online intervention studies have been reported. In an online physical activity study, Irvine et al. (2013) reported an overall attrition rate of 17.9% at 12 weeks. However, the attrition rate for the intervention group was 30% compared with 7% for the control group. Cook and his colleagues (2015) also reported differential attrition rates between the intervention and control groups (19.6% vs. 5.7%, respectively) in their study that tested the impact of an online health-promotion program in older adults. Although no specific reasons for differential dropouts were reported, the higher dropout rate in the intervention group could have been associated with the increased burden of using the intervention (e.g., reviewing modules, participating in discussion boards). Further investigation is needed to identify specific reasons for differential dropout.
In addition to our findings relating to this study's main outcomes, participants noted additional benefits from taking part in the study. For example, many commented on experiencing weight loss due to increased physical activity and having healthier diets. Future studies may consider including weight management a health outcome from bone health interventions. Another interesting finding of the study was associated with prevalence of osteoporosis. Osteoporosis is more prevalent in women (~20%) than men (NOF, 2014a); however, in our sample, of which 63.4% (n = 549) were men, 23.3% reported having osteoporosis, suggesting a higher prevalence rate than in the general population. These findings raise a couple of clinically significant issues. First, a higher proportion of males in this sample are from MHV, which suggests that these individuals may require more rigorous bone health screening and preventive measures. Second, high interest in this trial among males suggests increased awareness of bone health in this group. Further research efforts are needed to investigate bone health issues specific to males and to educate them about the importance of bone health.
Limitations
Some of the sample characteristics may limit generalizability of the findings. Participants were recruited from two large online communities, and these individuals may have been more familiar with the technology than the general older adult population. In addition, the majority of the sample was white, with high educational levels. More efforts must be made to disseminate this type of program to underserved older adults who are less technically savvy. Although 183 (21%) older adults were recruited from SeniorNet, the majority of the sample was recruited from MHV, and veterans may have different health needs than non-veteran older adults. The data were collected using self-reported online surveys only. In a future study, collection of objective data may be considered for a subset of the sample. The 8-week follow-up time frame focused only on initial behavior change. Future research also needs to consider the long-term effects of the intervention, as well as the costeffectiveness of this study.
Conclusion
Despite some limitations, the findings of this study support the effectiveness of online interventions to improve knowledge, beliefs, and behaviors associated with bone health. As the American population gets older, age-related bone health issues will become more prevalent in health care. Certain older adult populations, such as veterans, may be at higher risk for bone healthrelated illnesses. Online bone health interventions have the advantage of reaching a large number of individuals and widely disseminating evidencebased information. Thus, the use of online health interventions has significant potential for improving the health of older adults. The theory-based online approach used in this study can be replicated for other health conditions and diverse older adult populations. Considering current national efforts to engage patients in their own care using health information technologies, now is an excellent time to make progress in this health care field. the National Institute on Aging. The study was registered with ClinicalTrials.gov (NCT01963169).
